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(54) Reverse detection for identification and/or quantification of nucleotide target sequences on 
biochips 



(57) The present invention relates to a method for 
the identification and/or the quantification of one or more 
target nucleotide sequences (3) present in a sample and 
discrimination from possibly homologous sequences, 
by using two sets of nucleotide sequences (1 and 2), 
characterised in that the first set of nucleotide sequenc- 
es possibly labelled (1) bind specifically to said target 
nucleotide sequences (3) in a first step and are detected 
and/or quantified through hybridisation with the second 
of capture nucleotide sequences (2) having at least a 
part of sequence complementary to the possibly la- 
belled nucleotide sequence (1 ) of the first set of nucle- 
otide sequences, said capture nucleotide sequence (2) 
being immobilised upon the surface (4) of a solid support 
according to an array of at least 4 discrete regions/cm 2 , 
each of said discrete regions being bonded with one 
species of capture nucleotide sequences (2), and the 
identification and quantification of the binding between 
the possibly labelled nucleotide sequence (1) and their 
corresponding capture nucleotide sequence (2) is cor- 
related with the identification and the quantification of a 
target nucleotide sequence (3) present in the sample. 
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Description 

Field of the invention 

5 [0001 ] The present invention provides a method for the identification and/or the quantification of one or more target 
nucleotide sequences present in a sample and which allows their discrimination with homologous sequences, especially 
the identification and quantification of specific species of micro-organisms belonging to the same family or for the 
detection and/or the quantification of various isotypes of a general sequence belonging to a specific organism (including 
Single Nucleotide Polymorphism sequences). 

10 

Background of the invention and state of the art 

[0002] Bibchips made with many specific capture nucleotide sequences are well suited tools to perform a discrimi- 
nation between corresponding various homologous nucleotide sequences to be detected in a sample. 
15 [0003] However, it exists differences in one or between microorganisms which differ by only one base of the DNA 
or RNA sequence. As these sequences are very similar, a cross-reaction may occur between one given target nucle- 
otide sequence and different capture nucleotide sequences on which it may hybridise. 

[0004] The biochips technology which allows by miniaturisation, the hybridisation and detection of one or more target 
nucleotide sequences are useful tools for the detection (discrimination) between one or more target nucleotide se- 

20 quences, given to the high number of capture nucleotide sequences that are bound on the biochip. It allows aiso the 
determination of a gene expression pattern of a tissue, which is obtained by copying mRNA into cDNA and by their 
hybridisation upon biochips containing capture nucleotide sequences complementary to these sequences. As the cDNA 
sequences are different from each other, the level of cross-reaction is low, the capture nucleotide sequences being 
constructed from a bank of cDNAs cloned from the tissue (which are rather long sequences) and the rate and the yield 

25 of hybridisation is high. 

[0005] When small capture nucleotide sequences are used the level of hybridisation is rather low, except if the target 
sequences are cut into smaller pieces. In solution, the rate of hybridisation is proportional to the square root of the 
strand length, the small one being the limiting one (Wetmur, J.G., Biopotymers 10, 601 (1971); Anderson et Young in 
"Nucleic acid and hybridisation", IRL Press, Hames, B. and Higgins, S. Editeurs, 73-111, Oxford-Washington DC 
30 (1 985)). When the reaction is performed on a solid surface, the influence of the length of capture nucleotide sequences 
is even greater than in solution, so that the difference between the rate of fixation of a given target DNA sequence on 
small or long capture nucleotide sequences is very large. 

[0006] The detection of DNA target nucleotide sequences itself is even more problematic since the DNA has first to 
be amplified (usually by PCR). Amplicons are double stranded DNA and tend to reassociate in solution rather than 

35 hybridise on capture nucleotide sequences, that are bound upon the solid surface (W098/11253). This effect is also 
directly dependent on the length of the capture nucleotide sequences and small capture nucleotide sequences lead 
to a lack of sensitivity. It is possible to cut the DNA into pieces, in a non-specific way (given the large number of 
sequences to be analysed in chips). It is also possible to bind as much as possible capture nucleotide sequences upon 
a surface of the solid support in order to influence the yield of the reaction, but there are limitations to the concentration 

40 that can be bound. Finally the choice of the sequences is important, since even with the same length some sequences 
give higher hybridisation yield than other ones (formation of a secondary structure, which can favour or accelerate the 
first step leading to the double strand formation. 

[0007] Therefore, capture nucleotide sequences of medium length have been proposed as a compromise which still 
gives a good yield of hybridisation while allowing the detection of target homologous sequences. 
45 [0008] However, small capture nucleotide sequences allow discrimination between sequences which differ by as 
little as one base. One application of these array bearing small capture nucleotide sequences is the Identification of 
Single Nucleotide Polymorphism (SNPs) sequences (W098/56954). 

Aims of the invention 

so 

[0009] The present invention aims to provide a new and improved solution for the identification and/or the quantifi- 
cation of a target nucleotide sequence among other possible homologous target sequences by using arrays bearing 
capture nucleotide sequences specific to the different homologous target sequences, and which does not present the 
drawbacks of the state of the art. 

55 

Summary of the invention 

[0010] The present invention allows the discrimination between homologous target sequences that could be present 
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simultaneously in a sample, by an inversion of the hybridisation process of the sequences to be hybridised on the array. 
[0011] The method according to the invention allows a identification (detection and characterisation) and/or a quan- 
tification of target nucleotide sequences based on a two-step binding process in which the nucleotide sequences that 
bind to the target in the first step are used in the second step as targets to be detected on an array. 

5 [001 2] In the method according to the invention, the target DNA (or RNA) sequences react first with different possibly 
labelled nucleotide sequences, then after washing said possibly labelled nucleotide sequences are detached from the 
target nucleotide sequences and finally identified by hybridisation on an array bearing capture nucleotide sequences 
complementary to the possibly labelled nucleotide sequences. According to the invention, it is the possibly labelled 
nucleotide sequences that hybridise on the array and not the target nucleotide sequences. 

10 [0013] In the method according to the invention, the capture nucleotide sequences and the target nucleotide se- 
quences have at least a part or a portion of their sequences which is identical, while the possibly labelled nucleotide 
sequences are complementary sequences to them. Such inverted method, as described in the enclosed claims ad- 
vantageously solves the problem of an efficient discrimination between homologous target sequences 
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[0014] "Homologous nucleotide sequences" mean DNA or RNA sequences having the same nucleotide at corre- 
sponding positions. The degree of homology (or sequence identity) is calculated as the percentage of identical nucle- 
otides at given locations after the sequences have been optimally aligned (full sequence) taking into account insertions 
or deletions like gaps in one of the two sequences to be compared. This is the case for sequences of a given gene 
present in genetically different sources like different organism species or for proteins or enzymes having similar func- 
tions (from the same family or sharing common structural domain). The degree of homology (or sequence identity) can 
vary a lot with sequences being homologous at only one or more specific locations or ail along their sequences The 
parts (or portions) of the sequences which are identical in both sequences are said "conserved". The sequences show- 
ing a high degree of invariance in their sequences are said to be highly conserved and they present a high degree of 
homology. Sequences differing by only one base can be considered as the highest degree of homologous sequences 
This is the case of sequences responsible for the Single Nucleotide Polymorphism sequences or SNP sequences. 
[001 5] Homology (or sequence identity) is calculated after alignment of sequences and are based on local homology 
algonthms which have been computerised (as for example but not limited to Clustal, Intelligenetics Mountain View 
California, or GAP, BESTFIT, FASTA and TFASTA in the Wisconsin Genetics Software Package, Genetics computer 
Group Madison, Wisconsin, USA or Boxshade). 

Short description of the drawings 

35 [0016] Figure 1 is a schematic presentation of reversed biochips according to the invention made of two chambers 
5 and 6 present upon the same solid support 4 and connected for the purpose of automation. The Figure also indicates 
how the specific labelled n ucleotide sequences wh ich firstly hybridise the target nucleotide seq uences are then detected 
on an array through their binding upon bonded capture nucleotide sequences. 

40 Detailed description of the present invention 

[001 7] The invention includes advantageously the use of double biochips wherein a first chamber 5 bearing a target 
nucleotide sequence 3 to be identified and isolated from a sample is introduced and a second chamber 6 comprising 
various bound capture nucleotide sequences 2 to the solid support 4 of the biochips 7, said capture nucleotide se- 
quences being specific to the labelled nucleotide sequences 1 , as represented in the Fig. 1 . In order to make assays 
easy to perform, target nucleotide sequences 3 are immobilised on the solid support 4, so that they can react with 
vanous labelled nucleotide sequences 1 in the first chamber. However, this immobilisation is not essential to the in- 
vention since a first hybridisation can be performed in solution and the labelled nucleotide sequences 1 thereafter 
separated from the target nucleotide sequences 3 before being themselves detected on the array (hybridisation with 
corresponding capture nucleotide sequences 2). 

[0018] The first advantage of the method is to ally a specificity with the rate of detection. The specificity is obtained 
by the fact that small labelled nucleotide sequences are used so that they can be chosen in the part of the target 
nucleotide sequences which differ from each other. The fact that it uses small sequences also allows to discriminate 
sequences differing by only one base (SNP sequences). In a preferred embodiment, the labelled nucleotide sequences 
have a sequence between 8 and 60 bases but preferably between 1 5 and 30 bases specific to the corresponding target 
nucleotide sequences. 

[0019] The second advantage of the method according to the invention is that the hybridisation of the labelled nu- 
cleotide sequences 1 on the immobilised target nucleotide sequences 3 is a rather fast process compared to a situation 
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where capture nucleotide sequences 2 are small and target nucleotide sequences 3 in solution are long fragments 
usually doubled stranded. This result is due to the fact that the hybridisation rate is very much influenced by the length 
of the immobilised capture nucleotide sequences 2 (longer are the capture nucleotide sequences 2, faster is the hy- 
bridisation rate). Moreover, the rate can be accelerated by selecting a sequence for hybridisation of the labelled nu- 

5 cleotide sequences 1 located away from the binding site of the target nucleotide sequences 3 to the solid support and 
by adding the labelled nucleotide sequences 1 in excess. In a preferred embodiment, the labelled nucleotide sequences 
1 are added in large excess, more than 100 times the target nucleotide sequences amount, in order to increase the 
rate and the yield of fixation of these labelled nucleotide sequences 1 on target nucleotide sequences 3. 
[0020] All labelled nucleotide sequences 1 are present together fortheir hybridisation on target nucleotide sequences 

10 3, which allows the reaction to be competitive between themselves. Since the sequences are present in the same or 
similar concentration, the yield of binding will depend on the affinity to the target nucleotide sequences. Under appro- 
priate conditions, a favourable binding for the complementary sequence was observed compared to the non-comple- 
mentary sequences even if they differ by as little as one base. In such competition, discrimination between homologous 
sequences is very good. 

is [0021] In the second (array) chamber 6, the yield of hybridisation is similar for the various labelled nucleotide se- 
quences 1 since they have the same (or similar) size and they hybridise on capture nucleotide sequences 2 of similar 
size. The final yield of hybridisation is mainly or only dependent on their relative concentration in the solution. The 
intensity of the spots reflects the level of labelled nucleotide sequences 1 that have been detached from the first target 
nucleotide sequences (present in the sample) and are available for hybridisation in the second (array) chamber 6. 

20 [0022] The second hybridisation of the sequences on the captu re nucleotide sequences 2 in the array is a fast process 
since small sequences will react on capture nucleotide sequences 2 designed to allow fast reaction. The capture 
nucleotide sequences 2 can be optimised for such reaction to proceed at a fast rate, extending the specific sequence 
away from the binding point to the solid support 4 increases the rate of hybridisation. Since the complementary se- 
quence is always in excess compared to the other non-complementary ones, the corresponding spot gives a higher 

25 signal from the beginning of the reaction, allowing to identify the target nucleotide sequence. If only qualitative deter- 
mination is required, the reaction can be stopped before completion since the signal level on the spot will reflect their 
proportion in the solution from the start of the reaction. 

[0023] One preferred embodiment of the method is the detection of double stranded target DNA. In the classical 
detection of target DNA sequences on array, the rate of hybridisation is low given the fact that the target DNA sequences 

30 can reform duplex in solution. One way to counteract such situation is to increase the length of the capture nucleotide 
sequences but in this case homologous sequences will cross-hybridised on the same capture nucleotide sequences, 
so leading to false detections. In this invention, the target is rendered single stranded either before or after being 
immobilised so as to reduce or remove the competition between the labelled capture nucleotide sequences and the 
second target strand for hybridisation. The labelled nucleotide sequences are preferably single stranded nucleotides 

35 in order to avoid their rehybridisation in solution. 

[0024] The invention is particularly suitable for identification and/or quantification of homologous sequences (iden- 
tification of a particular strain of microorganism in a sample or in research when genes have to be identified specifically 
among a population of related genes coding for proteins having different roles in normal or pathological situation). This 
is especially true for regulatory genes like receptors, kinases, phosphatases, cyclins, transcriptional factors or onco- 

^0 genes. Having part of their sequences identical, target homologous nucleotide sequences can be amplified or copied 
by using consensus primers. In many applications, the role of the detection is to discriminate between target nucleotide 
sequences of similar organisms (homologous DNA or RNA sequences). In that case, it is easy to identify parts or 
portions of the sequences that are conserved and are used for the binding of primers that recognise all these homol- 
ogous nucleotide sequences (if present in the sample). The use of only one primer pair for one family or genus of 

« organisms is an advantage compared to the use of primers specific for each species or subspecies since some families 
of organisms comprise more than thirty species. It is also difficult (If not impossible) to find amplification conditions 
which would allow the amplification of all these species in one multiplex PCR (a multiplex PCR for 5 different nucleotide 
sequences is already difficult to handle in a reproductive way on samples). According to the invention, an assay can 
be designed in order to amplify each family of organisms (like the bacteria families) with only one primer pair for each 

so family. If only a copy is performed as in the case of mRNA retrotranscription, a single pol-dT can serve for the tran- 
scriptase to perform the copy into cDNA. 

[0025] Preferably, small labelled nucleotide sequences 1 are used for hybridisation in the first as well as in the second 
hybridisation steps. The use of small nucleotide sequences 1 allows the discrimination of very homologous sequences 
(from 30 to 98% homology). If the labelled nucleotide sequences are appropriately chosen, they can discriminate 
55 between two sequences differing in one base (SNP) thus allowing the determination of polymorphism. 

[0026] In a preferred embodiment, the labelled nucleotide sequences 1 contain one part of their sequence specific 
of their target nucleotide sequences 3 and an additional tail which is non specific of the target nucleotide sequences 
3 and specific of a given labelled nucleotide sequence. This tail is complementary of the capture nucleotide sequences 
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2 present on the array chamber 6. Since the tail is different for each labelled nucleotide sequences 1 , they stabilise 
perfect match on the array and a consequence is that closely related labelled nucleotide sequences differing for example 
in one base in the part of the sequence specific of the target nucleotide sequences will be better discriminated on the 
array. 

[0027] The method can be applied for detection of SN P sequences by using modifications of the nucleotide sequenc- 
es one hybridised on the target DNA sequence and then detected in a second step on the array chamber 6 bearing 
the various capture nucleotide sequences 2. 

[0028] In one embodiment, the invention is applied to determination of SNP sequences by using a mixture of two or 
more labelled nucleotide sequences terminated by a different nucleotide which bind to the target nucleotide sequence 
adjacent to the possible SNP sequence, one of end nucleotide of the nucleotide sequence being perfectly matched to 
the SNP sequence. The presence of another annexed nucleotide sequence which will bind beside the labelled nucle- 
otide sequence, allows the perfectly matched nucleotide sequence to be ligated to this nucleotide sequence by a ligase. 
The ligated nucleotide sequence is then detected on the second array so that the SNP sequence is identified. The 
various labelled nucleotide sequences may bear different labels such as Cy3, Cy5 or Cy7 so as to be easily identified. 
If not labelled then the second annexed nucleotide sequence has to be labelled so that the resulting ligated product is 
labelled. 

[0029] In another embodiment of the Invention, a mixture of the labelled nucleotide sequence is used, each one 
differing in at least one base located at the site on the same SNP. After hybridisation, the mismatch nucleotide se- 
quences are cut by a nuclease specific for single strand but without effect on the double stranded DNA and the process 
repeated. The uncut and cut nucleotide sequences are then processed for hybridisation on the array chamber 6. In 
appropriated hybridisation conditions and with well chosen capture nucleotide sequences on the array chamber, they 
can either hybridise the long uncut or the small cut nucleotide sequence thus allowing identification of the SNP se- 
quence. 

[0030] In another embodiment of the invention, a mixture of several nucleotide sequences is used which recognised 
different parts of the target nucleotide sequences, like SNP sequences located along the target nucleotide sequence, 
and detected in the second step of the method on the array. Numerous capture nucleotide sequences 2 can be fixed 
to the array and be able to discriminate between numerous labelled nucleotide sequences 1 . In this way, It is possible 
to investigate in one assay for multiple variations like mutations possibly present in a given target nucleotide sequence. 
This is especially useful when all these variations are potentially present in the target and if they are correlated with a 
pathological situation. This is the case for mutations occuring in oncogenes (like P53); many of them being associated 
with cancer progression, in HIV virus enzymes leading to resistance to drug treatment. SNP are also probably linked 
to individual variability influencing the response to drug treatment or to pathologies. 

[0031] In a preferred embodiment, several target nucleotide sequences are used in the first hybridisation step in 
order to obtain a broader response to the given problem and taking profit of the numerous detections possible on the 
35 array. 

[0032] A consequence of this double step method is that target nucleotide sequences can be detected without being 
labelled by a copy or amplification step, thus making the direct detection of DNA or RNA sequences possible (in most 
previous methods, target nucleotide sequences are labelled during the amplification or transcription step). This allows 
a simplification in the final use of the biochips, since the user can perform the amplification in any way and does not 
40 have to bother with the possible interferences of labelled reagent during this step. This property also allows the iden- 
tification of sequences directly after extraction from samples, removing the step of copying or amplification making it 
easier to perform. This direct detection can only be performed, when enough material is available. The applications 
according to the invention apply (but are not limited) to the RNAs like the ribosomal RNA: 1 6s, 23s, 1 8s or 25s but also 
the mRNA. Since these RNA are single strand nucleotides, it is not necessary to use denaturation as drastic as in the 
45 case of double stranded amplicons after their Immobilisation on the support so that non covalent binding can be used 
In this step. Detection of RNA, ribosomal or messenger, either directly or after their copy into their complementary DNA 
sequence is a preferred embodiment of this invention since they are usually present in multiple copies in cells so that 
in many applications, their detection can be performed without amplification. This direct detection also facilitates the 
quantification since avoiding the amplification reduced the variation due to this step which is very often difficult to 
master. Direct detection can also be adapted to long DNA sequences after their extraction and denaturation or after 
their cutting into smaller pieces. 

[0033] In a preferred embodiment of the invention, the target nucleotide sequence 3 is amplified (PCR) by using 
consensus primers (sequences which will be amplified by the same primers). Homologous sequences are for example 
sequences of genes present in the same family or genus of microorganisms. For this amplification, one of the primer 
will be aminated so that after amplification, one of the amplicon strand will bear this amino group. The amplicons are 
then incubated on a surface bearing aldehyde groups. The reaction between the amine and the aldehyde is sponta- 
neous in normal conditions so that it is easy to construct the array since no other reagent are necessary! After the 
reaction a reducing agent is then added, usually NaBH 4 , in orderto eliminated the reactive double bonds. The second 
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strand is then remove by using denaturation conditions for the nucleotide sequences. It is possible to increase the 
temperature above the melting temperature of the nucleotide sequences so that they separate from the target strand 
but other conditions like the use of alkaline solution are also easy to perform. Practically a concentration of 0.1 or even 
0.05 N of a NaOH solution is sufficient to separate the two strands. 

5 [0034] Binding of the amplicons to the activated surface can be limited by the presence of the primers which are still 
present in the solution after the amplification. These primers can also react on the activated surface thus lowering the 
fixation of the target amplicons. When necessary, one separates the amplicons from the primers before performing 
their fixation on the surface (separation on spin column, but silica derived adsorption like the Nucleo trap PCR purifi- 

m rnn^, krt j C,onetecn ) or tne fi,tration on 9 el filter (Nucleo Spin Clonetech) are also well suitable for such separation) 
[0035] Separations of DNA fragments according to their size are also well obtained using electrophoretic methods 
and the miniaturisation of such techniques allows them to be now suitable for current applications like necessary in 
such routine applications. 

[0036] According to the invention, the assay is a tandem chips performed on the same support 4. On the first chamber 
5, the target nucleotide sequences are immobilised by covalent fixation on an activated support 4. Covalent reactions 
are well known in chemistry and many of them are already used for chips formation, for example by the reaction of an 
animated target nucleotide sequence with an aldehyde group present on the chips surface. In another embodiment 
the target sequences are biotinylated erther directly or during the copy or amplication step preferably on one strand 
and the target immobilised on streptavidin coated surface. In another embodiment, any hapten or ligand is fixed on 
the target sequence so that it is immobilised by the corresponding antibody or receptor immobilised on a surface 
[0037] Many supports can be adapted for this step to occur. Glass is activated so as to bear aldehyde groups There 
are many different ways to graft aldehyde groups on a surface. Glass reacts with aminosilane and then with glutaral- 
dehyde. One may bind carboxyl groups upon the surface of the solid support and then reduce them into aldehyde 
Alcohol functions can also be oxidised into aldehydes. However the use of bifunctional activators such as SMCC or 
DSS are also useful since they can activate amino groups and link them respectively on thiol or amine groups Such 
25 chemical coupling gives a covalent fixation of the target nucleotide sequences to the support especially useful when 
the target nucleotide sequences are double stranded and have to be treated in a denaturation solution. However simple 
adsorption on surface, like nylon , cellulose derivative or positively charge surfaces for example covered with polylysine 
or on copolymer like the poly (phelys) is also a method suitable for the adsorption of nucleotide sequences on a surface 
™ ni l??' condltions are worked out for th <> adsorption of long target DNA fragments rather than small primers. 
[0038] If glass has many advantages like being inert and having a low auto-fluorescence, other supports especially 
polymers can be useful since they can also be obtained with various chemically well defined groups at their surface 
thus making the fixation of the target DNA possible. Polystyrene has been activated so as to obtain carboxyl or amino 
groups on the surface thus allowing covalent fixation of amino-DNA (Anal. Biochem. 236, 85 (1 996). Most of polymers 
can be activated in order to obtain carboxyl, amino or aldehyde groups. Polystyrene is available not only as flat support 
but also as microbeads which are advantageously used to perform the first binding step of the labelled probes on the 
immobilised targets. 

[0039] All other supports which can fix DNA can be used, like filters, silicon supports, metallic supports compact- 
discs, plastic or electronic devices. Advantageously, said solid support is a single glass or plastic plate which may 
comprise additional means (barcodes, markers, etc.) or media (coating, etc.) for improving the method according to 
the invention. A combination of supports like glass inserted into plastic support is useful for handling the chips for 
automation. 

[0040] After and/or before binding, the target nucleotide sequences are denatured so that the second strands are 
separated, thus leading to the formation of a single stranded immobilised target nucleotide sequences The solution 
containing the vanous labelled nucleotide sequences are then added to this first monochips and they can react if their 
complementary sequence is present on the target nucleotide sequences. After washing, the solution is heated and the 
bound nucleotide sequences detached from the target nucleotide sequences and are found in solution. This solution 
is then transferred to the second chamber 6 by specific channels or other means (washing step with the use of micro- 
pumps or valves) that contains the capture nucleotide sequences specific for the labelled nucleotide sequences The 
second hybridisation is then performed which will allows to identify the labelled nucleotide sequences and thus the 
target nucleotide sequence. If the different steps are well performed the assay can be made quantitative thus allowing 
not only the identification but also the quantification of target nucleotide sequences. As all steps are performed on the 
same surface 4, the assay is easy to perform for the user and allows an automation. 

[0041] In the preferred embodiment of this invention, consensus primers are used in PCR amplification of the ho- 
mologous sequences possibly present in the sample. Functional groups such are NH 2 or biotin are incorporated so as 
to attach them to a solid surface as described here above. Other amplification methods like LCR CPR NASBA ICR 
TM A or avalanche DNA are also possible. RNA amplification can be performed in the same way after a'retrotranscrip- 
tion. Short sequences of DNA can also be obtained by specific cleavage with restriction enzymes and small sequences 
of RNA by non specific cleavage by heat or in the presence of base (W097/1 0365). 
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[0042] However indirect labelling is also useful. It is obtain easily by using biotinylated labelled nucleotide sequences 
which will thereafter bind a streptavid in -conjugate either with fluorescent molecules or with enzyme or with colloidal 
gold particles. These gold particles can be detected by themselves or serve as catalysts for the reduction of silver. The 
precipitate is then detected and possibly quantified (EP-99870106.4). 
5 [0043] Labelling could be also obtained with hapten and antibody reaction, the antibody being label or conjugate to 
molecule which can give a signal. 

[0044] All methods of detection for DNA based on fluorescent, colorimetric ! magnetic, electronic, electrolumines- 
cence, bioluminescence or radioactivity adapted for DNA chips can be used for the detection of the array. 
[0045] The selection of the detection labelled nucleotide sequences and their complementary capture nucleotide 
10 sequences is a crucial step in the overall process when homologous sequences have to be specifically differentiated 
from each other. Higher are the homologies between the sequences, more important is the selection of these sequenc- 
es. Preferably, one selects a small sequence region (or portion) where the homologous sequences differ most (or a 
lot) and to design the labelled nucleotide sequences as complementary to this region (or portion). The length of the 
sequences wilt also vary according to the homology, being longer when the sequences are rather different and smaller 
when they are very homologous. Typically, the sequences will be between 15 and 30 bases but as small as 8 bases 
and as long as 60 bases can be used if they fit with the requirement mentioned here above. The capture nucleotide 
sequences that are spotted on the array are complementary to the labelled nucleotide sequences. In one preferred 
embodiment, these sequences 2 are located at a certain distance from the surface 4 either by having a non specific 
sequences which is bound to the surface 4 or by using a linker for the fixation. 

[0046] The use of a single surface in order to perform the two hybridisation steps allows the process to be adapted 
for automation and for microfluidic technologies. The surface is divided in two chambers, the first one where the target 
DNA or RNA will be bound and where the labelled sequences will hybridise on the target sequences, and the second 
one which is the array and contains the various capture sequences. Solutions can be injected and removed from each 
chamber by channels and pumps so that incubations and washing are possible. The chambers can also be heated at 
25 the required temperatures. 

[0047] The two chambers can also be connected by a small pipe or channel so that after detachment of the labelled 
nucleotide sequences from the target, the solution can be transferred into the second chamber and process for hy- 
bridisation on the array. The overall process including even the detection can be automated thus making this reversed 
chips detection an easy process. One particular aspect of this invention is to repeat the steps of binding and detachment 
of labelled nucleotide sequences on the immobilised targets so that the specific nucleotide sequences accumulated 
in the array for their discrimination on capture nucleotide sequences. Automation of the process by automate or machine 
is particularly well suited for repeating the process. 

[0048] This technology can be easily adapted to existing automates. One of them is the VIDAS (Biomerieux, Lyon, 
France), developed for ELISA assay. It has the particularity to perform the antigen/antibody reaction in the tibs which 
is then passed step by step to the various solutions for washing and incubation. The final signal obtain in this tip is 
then recorded. The array can be inserted into a device like a dispensary tip so that solutions is pump inside and is 
made to react, wash and incubate on the array. Performing the reaction in a tip has been developed for antibody- 
antigen reaction and is well adapted to automatisation as performed by the VIDAS machine (Biomerieux, Lyon, France). 
After the reaction is complete the signal is detected on the array as described here under. 
[0049] Double array system could be treated in the same way each one being inserted into a micropipette device 
and being connected to each other for passing the solution of nucleotide sequences when required by the protocol. 
[0050] Microfluidic techniques make also possible the overall procedure of amplification and/or the separation of 
amplicons from the excess primers to be performed on the same surface, thus leading to a "lab on a chips" product. 
The final surface will contain several or ail of the compartments: a chamber for the PCR to be conducted, a separation 
device for the purification of the amplicons If necessary, a chamber for the Immobilisation of the amplicons and the first 
hybridisation with the various labelled nucleotide sequences and finally a chamber with the array for the final Identifi- 
cation of the detection nucleotide sequences. The overall product would bear the necessary connections for the liquid 
to be conducted between the chambers and for the incubations and washings with the external solutions. A detector, 
could also be added to the automate in order to obtain a fully automated analysis of the assay. Separation of the 
amplicons from the primers can be done using filtration, adsorption-desorption process or micro electrophoresis as 
proposed for example by ACLARA Biosciences, (Mountain View, Ca, USA). 

Analysis of the result of the hybridisation 

[0051] The result of the hybridisation on the array has to be detected and/or quantify by machine using detection 
system adapted to the signal which is to be emitted by positive hybridisation. The most common labelling of DNA used 
in micro-array is based on the use of fluorescent nucleotide sequences. In this case fluorescent scanners serve as 
detectors (I.e. confocal fluorescent scanner (Genetic Microsystem, Wobum, MA, USA)). 
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o SSSiS? h , y , ,e w?° n S ' nCe C0lOrimeMc SCanners or Photographic detectors which are particularly 
3 ^hnology can detect and/or quantify the level of reaction (EP-998701 06 4) 

iSL^f"" 6 a r lySiS f ! f ima9e reco S nftion has been adapted to the spots, followed by a quantification of the 
2™"" eao , h f 01 which take into ac oountthe level of the background. Another type of analysis is bied on 

STlt "h 6 ^ int ° aCC ° Unt ,h6 Shape and the level of ea <*P* el °< the spot 

the user In ofle I" 9 0 ne level of correla «on allows then a classification into positive or negative spots giving 

« eas y answer,or,he P res ence or not of the targets in the original sample 9 9 

E 1 h n f i0n ° f the h y bridisati ° n is P erf ormed using conventional approaches either by internal or external 
ZESZT Cm T™ f ° r the differem yi6ldS ° btained at the ^ous steps of the proving 2 The 
embodment, an external standard at known concentration is added in the sample and process through all steps in 
meld ZT Z f fflC J enCy ° f the ° Vera " pr0CeSS ' Since the method usual 'y contains a copy or ampJSon 
» document "» p, * TOd emb ° diment ° f the — °" a * *«" has bee! proposed in the 

fSw * eferabl * ' he ^^ation yield of the standard through this specific sequence is identical or differ no more 

SeqUenCe ' eXtema ' and/0r ln,ernal standard ' is also aovantageously included in the 
limlr!\ t appara, ^ accordln 9 10 the mention, possibly with all the media and means necessary for perform ng 

Example 

Identification of Staphylococcus species bv de tection of the specific femA genes 

KSL J 1 " 6 FSmA 9eneS T r Ve,V conserved 9 enes a "d they have an homology of 50 to 90 % between the different 
, SPeC ' eS - 6 identification of Staphylococcus epidermidis in a sample was performed by using a 
preamphficahon by consensus primers which can amplify the 5 most common Staphylococcus S. aureus S epWer- 
am^Lns W * *"* & 0ne °f the primer was aminated, so that one ! and oUhe 

Z s and 51 h TTT 81 te 5 ' 6nd - The amp,iCOns Were then covalen ^ fixad to a glass bearing aide yde 
SSL? * . bV heati " 9 31 1 °° °°- The labelled nucleo,ide seauencaa ePecific of the 5 Staphlcoccus 

ZT^SSFT Tr th6Se Si : 9le Strand6d amP ' iCOnS ' Mer r6aC,i0n and * ashi "9- there 
ipScffic for S 1 JT^, Wa ! the " add6d ° n 1,16 8rray f0rmed * s P° te ° f ""Oleotide sequences 

£ ? ^ L 6 abe " ed nUCleotide se 0"ences. After reaction and washing, a streptavidin-Cy5 conjugate was 

^ersr 

AmpHficatlon of the F emA gene using consensus primers 

[0058] The sequences of the primers used for PCR amplification are the followinq- 
FP 1 : 5' CCA CTA GCG TAC ATC AAT TTTGA 3' 
FP 1 HS : 5' CCC ACT CGC TTA TAT AGA ATT TGA 3' 

Fixation of the amplicons DNA on a surface 

purified by chromatography on High Pure PCR Product Purification k* (Boehringer, Manna- 
mL™£ h / 150 nM ° f PUrified am P ,icons werc lncubated 30 min at 23*C on silylated 

Z3^£ oTS? 1 ^ USA) framed by an hybridisatjon chamber - After incuba *»* «SC 

£1 of PBS and 250 ul of 1 00% ethanol) and 3 min in boiling water slides were stored at 4'C untii used. 
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Hybridisation and removal of the specific nucleotide sequences from the targ et 

[0060] The specific biotinylated nucleotide sequences for the 5 staphylococci species detection are the following ■ 
S. aureus 

ASaurOI : 5' CTA AAT GAA GAG CGT GAT ATT TTA AAT 3' 

S. epidermidis 

ASepiOl : 5' CTA AAT AAT GAA AGA AAT GTG CTT AAT 3' 
S. haemolyticus 

AShaeOI : 5' TTA CAA AAT GAA CGT GAA ACT TTA AAT 3' 
S. hominis 

AShomOl : 5' CTT CAT GCA GAA CGT CAG ACA TTA AAT 3' 
S. saprophytics 

ASsapOl : 5' TTA AAG GCT GAA CGC GAA GTA TTA AGT 3' 
[0061] The sequence of the biotinylated nucleotide sequence control is : 
CMV23Biot 5' GGT TAT CAG AGG CCG CTT GGC CA 3' 
[0062] Each probe bears a biotin at its 5' end. 

[0063] For the hybridisation, 1 00 jxl of hybridisation solution are loaded on glass slide bearing the target DIMA. This 
mixture contains 0.5 M phosphate buffer pH 7.4, 7% SDS, 100 £g/ml salmon sperm DNA, 30 nM of S. epidermidis 
biotinylated nucleotide sequences (1 nucleotide sequence) or 30 nM of each of the nucleotide sequences (5 nucleotide 
sequences). Hybridisation is carried out in an hybridisation chamber at 60°C for 2h. Samples are washed 4 times with 
Maleic buffer 10 mM pH 7.5, NaC1 15 mM, Tween 0.03%. 

[0064] Probes hybridised are released with the incubation for 5 min at 25°C with 70 \i\ of NaOH 0.05 N within the 
hybridised area delimited by an hydrophobic pen. 50 uJ of solution is then transferred into a microtube and neutralised 
with 56 uJ of solution containing 0.7 M phosphate buffer pH 7.4, 10% SDS, 200 ug/ml salmon sperm DNA, 10 nM 
biotinylated CMV nucleotide sequence (hybridisation control). 

Detection of the labelled nucleotide sequences on the array 

Sequences of the capture nucleotide sequences 

[0065] The sequences of the capture nucleotide sequences for the 5 staphylococci are the following: 
S. aureus 

ATaur02 : 5' ATT TAA AAT ATC ACG CTC TTC ATT TAG 3' 
S. epidermidis 

ATepi02 : 5' ATT AAG CAC ATT TCT TTC ATT ATT TAG 3' 
S. haemolyticus 

AThae02 : 5' ATT TAA AGT TTC ACG TTC ATT TTG TAA 3' 
S. hominis 

AThom02 : 5' ATT TAA TGT CTG ACG TTC TGC ATG AAG 3' 
S. saprophyticus 

ATsap02 : 5' ACT TAA TAG TTC GCG TTC AGC CTT TAA 3' 

[0066] The sequence of the capture nucleotide sequence control is : 

CMVNH2 : 5' TGG CCA AGC GGC CTC TGA TAA CC 3' 

[0067] Each capture nucleotide sequence bears a NH 2 group at its 5' end. 

Capture probe Immobilisation 

[0068] The protocol described by Schena et al (Proc. Natl. Acad. Sci. USA 93, 10614, 1996) for the grafting of 
aminated DNA to aldehyde was followed with minor changes. 

[0069] The aminated capture nucleotide sequences were spotted at a concentration of 1 .6 u,M . The capture nucle- 
otide sequences were printed onto the silylated microscopic slides with a home made arrayer. The capture nucleotide 
sequences were complementary to the labelled nucleotide sequences and were terminated by an amino group attheir 
5' end. 250 urn pins from Genetix (UK) and silylated (aldehyde) microscope slides from Cell Associates (Houston, 
USA) were used. The spots have 400 n m in diameter and the volume dispensed I about 1 nanoliter. The slides were 
dried at room temperature and stored at 4°C until used. 
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Hybridisation and detection 
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[0070] 106|il of denatured product are incubated in hybridisation chamberfor30 min at 50»C. Slides arethen washed 
4 t,mes with Maleic buffer 10 mM pH 7.5, NaC1 15 mM, Tween 0.03% (washing buffer). Glass samples are incubated 

b^t^n^Tr^n T^! ° f StrePtaVidin labe " ed ° yabin5 (Si9ma St Louis ' Mi > 500x diluted in Maleic 
J£ 2 P hh P J 50 mM ' G '° na m " k P ° Wder SHdeS are washed 6 ,imes with washing buffer, rinced 
once with water and dned. SUdes are read with a confocal scanner from Genetic Microsystem (Wbburn, MA, USA) 

IT 8 r6SUlt ° b !f in6d Wi ' h r6VerSed bi ° ChipS aCCOrding 10 ,he invention for the dete <*°n o' a specffic 
fn r^hl^f T'" 5 epider T idis < A > when tar 9 et & **tom«to amplicons were immobilised and incubated 
mfiitr t c 3 m,Xt , Ure ° f ,hS 13156,16(1 nud60tide sequences 1 SDecific ° ,the 5 SfaphK/ococcus strains or 
2,™? Th a " r ^ am P |lcons were "mobilised and incubated with specific labelled S. epidermidis nucleotide 

,rTI h S T 6nC6S 1 d6t6Ch6d fr ° m tbe target nucleotide se « uence after hybridisation were then 

trans e red on an array (chamber 6 II) bearing capture probes 2, for the 5 possible labelled probes specific of the 5 
Staphylococcus species sequences and detected. 





Table I 




Detection on the array bearing the 
following capture probes Step II 


A. Step I 


B. Step I 






Immobilised target sequence of S. 
epidermidis in the presence of the 5 
labelled probes 


Immobilised target sequence of S. 
aureus in the presence of the S. 
epidermidis labelled probe 




S. aureus 


2 


0 


25 


S. epidermidis 
S. haemolyticus 
S. hominis 


19 

1 

0 


0 
1 
0 




S. saprophytics 


0 


0 


30 


Control hybridization + 
Control hybridization - 


51 
1 


25 
0 
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Annex to the application documents - subsequently filed sequences listing 
[0072] 



SEQUENCE LISTING 

<H0> FACULTES UNIVERSITAIRES NOTRE -DAME DE LA PAIX 

<120> REVERSE DETECTION FOR IDENTIFICATION AND/OR 

QUANTIFICATION OF NUCLEOTIDE TARGET SEQUENCES ON 
BIOCHIPS 

<130> P.FNDP.07/EP 

<140> 00870127.8 
<141> 2000-06-14 

<160> 15 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer FP 1 
<400> 1 

ccactagcgt acatcaattt tga 

<210> 2 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer FP 1HS 
<400> 2 

cccactcgct tatatagaat ttga 

<210> 3 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer FP 3 
<40O> 3 

ggtttaataa agtcaccaac a tat 

<210> 4 
<2U> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Specific 
biotinylated nucleotide sequence ASaurOl 
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<400> 4 

ctaaatgaag agcgtgatat tttaaat 

<210> 5 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Specific 
biotinylated nucleotide sequence ASepiOl 

<400> 5 

ctaaataatg aaagaaatgt gcttaat 

<210> 6 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Specific 
biotinylated nucleotide sequence AShaeOl 

<400> 6 

ttacaaaatg aacgtgaaac tttaaat 

<210> 7 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Specific 
biotinylated nucleotide sequence AShomOl 

<400> 7 

cttcatgcag aacgtcagac attaaat 

<210> 8 
<2U> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Specific 
biotinylated nucleotide sequence ASsapOl 

<400> 8 

ttaaaggctg aacgcgaagt attaagt 

<210> 9 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Specific 

biotinylated nucleotide sequence control CMV23Biot 

<400> 9 

ggttatcaga ggccgcttgg cca 

<210> 10 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: capture 
nucleotide sequence ATaur02 

<400> 10 

atttaaaata tcacgctctt catttag 

<210> 11 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: capture 
nucleotide sequence ATepi02 

<400> 11 

attaagcaca tttctttcat tatttag 

<210> 12 
<2U> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: capture 
nucleotide sequence AThae02 

<400> 12 

atttaaagtt tcacgttcat tttgtaa 

<210> 13 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: capture 
nucleotide sequence AThom02 

<400> 13 

atttaatgtc tgacgttctg catgaag 
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<210> 14 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: capture 
nucleotide sequence ATsap02 

<400> 14 

acttaatact tcgcgttcag cctttaa 

<210> 15 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: capture 
nucleotide sequence control CMVNH2 

<400> 15 

tggccaagcg gcctctgata acc 
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Claims 

1 . Method for the identification and/or the quantification of one or more target nucleotide sequences (3). present 
homologous to each other and being possibly present in a sample and discrimination from possibly homologous 

5 sequences, by using two sets of nucleotide sequences (1 and 2), characterised in that the first set of nucleotide 

sequences possibly labelled (1) bind specifically to said target nucleotide sequences (3) in a first step and are 
detected and/or quantified through hybridisation with the second of capture nucleotide sequences (2) having at 
least a part of sequence complementary to the possibly labelled nucleotide sequence (1 ) of the first set of nucleotide 
sequences, said capture nucleotide sequence (2) being immobilised upon the surface (4) of a solid support ac- 

10 cording to an array of at least 4 discrete regions/cm 2 , each of said discrete regions being bonded with one species 
of capture nucleotide sequences (2), and the identification and quantification of the binding between the possibly 
labelled nucleotide sequence (1) and their corresponding capture nucleotide sequence (2) is correlated with the 
identification and the quantification of a target nucleotide sequence (3) present in the sample. 

« 2. Method according to claim 1, characterised In that between the first step and the second step, the possibly 
labelled sequence of the first set of nucleotide sequences which are not bound to the target nucleotide sequence 
(3) are removed and the possibly labelled sequences (1) of the first set of nucleotide sequences bound to the 
target nucleotide sequence (3) are deshybridised from each other before their reuse In the second step. 

20 3. Method according to claim 1 or 2, characterised in that the target nucleotide sequence (3) is firstly bound upon 
the solid support (4), preferably by covalent binding before its hybridisation binding with one or more possibly 
labelled sequences (1 ) of the first set of nucleotide sequences. 

4. Method according to claim 1 or 2, characterised in that the binding between the target nucleotide sequences (3) 
25 and the possibly labelled sequences (1 ) of the first set of nucleotide sequences occurs in solution. 

5. Method according to any of the preceding claims 1 to 4, characterised in that the possibly labelled sequences 
(1 ) of the first set of nucleotide sequences have a length which is essentially identical or similar (preferably higher 
than 80% similar) to the length of the capture nucleotide sequences (2) of the second set of nucleotide sequences. 

6. Method according to any of the preceding claims, characterised in that the target nucleotide sequences (3) to 
be identified and/or quantified present an homology between each other higher than 30%, preferably higher than 
60%, more preferably higher than 80%. 

35 7. Method according to any of the preceding claims, characterised in that the target nucleotide sequences (3) to 
be identified and/or quantified differ from each other by only one base. 

8. Method according to any of the preceding claims, characterised in that the possibly labelled nucleotide sequences 
(1 ) contain a part of a portion of their sequences comprised between 1 0 and 60 bases, a sequence which is specific 

40 to the target nucleotide sequence (3). 

9. Method according to any of the preceding claims, characterised in that the capture nucleotide sequences of the 
second set of nucleotide sequences present a sequence which is complementary to the possibly labelled nucleotide 
sequences (1). 



45 
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10. Method according to the claim 9, characterised in that the capture nucleotide sequences (2) of the second set 
of claims have a sequence which is complementary to the possibly labelled nucleotide sequences (1) of the first 
set of nucleotide sequences upon their complete sequence or have a sequence which is bound to the solid support 
through spacers having a length comprised between 10 and 200 bases. 

1 1 . Method according to any of the preceding claims, characterised in that the possibly labelled nucleotide sequences 
(1) contain part of their sequence being not specific of the target but specific of their capture probes. 

12. Method according to any of the preceding claims, characterised in that the labelled nucleotide sequences (1) 
contain a mixture of two or more labelled sequences terminated by a different nucleotide which binds to the target 
sequence adjacent to the possible SNP, one of the end nucleotide being perfectly matched to the SNP, and another 
annexed probe which will bind to the other site of the SNP target, the perfectly matched probe being ligated to this 
probe by a ligase before detected on the capture probe array. 
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13. Method according to any of the preceding claims, characterised in that the labelled nucleotide sequences (1) 
contain a mixture of probes each one differing in at least one base located at the SNP site and treated with a 
specific nuclease before being detected on the capture probe array. 

14. Method accdrding to any of the preceding claims, characterised in that the one or more target nucleotide se- 
quences (3) to be detected and/or quantified are rRNAs, preferably selected from the group consisting of 16S 
23S, 18Sand25SrRNAs. 

15. Method according to any of the preceding claims 1 to 14, characterised in that the one or more target nucleotide 
sequences (3) to be detected and/or quantified are mRNAs, preferably a mRNA retrotranscripted into a cDNA by 
a consensus sequence. 

16. Method according to any of the preceding claims, characterised in that the solid support is selected from the 
group consisting of glass, electronic device, silicon support, plastic support, compact disc, filter, metallic support, 

15 polylysine coated surfaces or a mixture thereof. 

17. Diagnostic and/or quantification apparatus of one or more homologous target nucleotide sequences possibly 
present in a sample, characterised In that It comprises means to perform the method according to any of the 
preceding claims. 

18. Apparatus according to claim 1 7, characterised in that it comprises two separate chambers (5 and 6), each being 
dedicated to one of the step performed in the method according to any of the preceding claims 1 to 1 6. 

19. Apparatus according to claim 1 7 or 1 8, characterised in that the chamber comprises a solid support upon which 
capture nucleotide sequences (2) are immobilised upon its surface according to an array of at least 4 discrete 
regions/cm 2 , each of said discrete regions being bound with one species of nucleotide sequences. 

20. Machine or automate for performing the various steps of the method according to any of the preceding claims 1 
to 1 6 upon an apparatus according to claims 17 to 1 9. 
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